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摘  要 
 
I 








5、10、20、40、80 mg L−1 镉胁迫下，桐花树叶片中镉浓度分别为对照组的 2.4、
2.8、3.5、6.1、8.2 倍，在 80 mg L−1 镉处理时叶片中镉含量达到最大值 3.13 
µg·g-1DW；桐花树根中镉浓度在 80 mg L−1 镉处理时根中镉含量达到最大值 4.80 
mg·g-1DW。 
镉胁迫没有导致桐花树叶片与根中细胞剧烈的膜脂过氧化作用，即使在高浓
度（80 mg L−1)镉胁迫下，丙二醛含量也与空白对照组之间没有显著差异，在 10、
20 mg L−1 镉处理时甚至促进了桐花树叶片的生长，使得 MDA 含量减少。 
随着镉浓度的增加，桐花树叶片中可溶性糖的含量呈先增后减的趋势，并在
20 mg L-1 处理时达到最大值；各处理组中桐花树叶片中可溶性糖含量均高于对
照组。与对照组相比较，在 5、10、20、40、80 mg L-1 镉处理下，桐花树叶片中
可溶性糖的含量分别增加了 9.14%、18.99%、38.00%、22.02%、15.75%，20 mg 
L-1 镉处理时叶片中可溶性糖含量达到最大值 158.42 mg.kg-1DW。与对照组相比
较，根中可溶性糖含量在 5、10、20、40、80 mg L-1 镉处理下，分别增加了 34.02%、
85.38%、43.47%、35.26%、29.13%；根中可溶性糖含量在 10 mg L-1 镉处理时达
到最高值 104.98 mg·kg-1DW，与对照组相比较差异显著（P>0.05）。 
桐花树叶片中苯丙氨酸解氨酶（PAL）的活性随着培养环境中镉浓度的增加
先增后减，在 5 mg L-1 镉处理组达到最大值，并且呈显著差异（P>0.05），其他
各组中苯丙氨酸解氨酶的活性均显著低于对照组。叶片中苯丙氨酸解氨酶的活性
在 5 mg L−1 镉处理下与对照相比增加了 32%，达到 7848.38（U·g-1 FW·h-1），在


















解氨酶活性先增后减。根中 PAL 活性在 5、10、20、40 mg L−1 镉处理时分别增
加了 68%、 45%、40%、 27% ，在 5 mg L−1 处理时活性最高，为 4017.43（U·g-1 
FW·h-1）,在 80 mg L−1 镉处理时降低了 6%。 
镉胁迫下，随着施镉浓度的增加，桐花树叶片中愈创木酚过氧化物酶（GPX）
的活性增加，当施镉浓度达到 20 mg L-1 时，活性达到最大值，随后镉处理浓度
的增加导致该酶活性降低镉胁迫下。相同镉胁迫处理下，桐花树根中 GPX 活性
显著高于叶片中该酶的活性，且根中该酶的活性在镉胁迫时明显增强，在 20 mg 
L-1 处理组中该酶活性达到最大值，受到高浓度胁迫（40、80 mg L-1）时该酶活
性增长减缓。 
在各组镉胁迫中，桐花树叶片中的总酚含量变化不显著（P＞0.05）。根中总
酚含量比叶片中总酚含量少，但变化显著。根中总酚在 5、10、20、40、80 mg L−1
镉处理下，分别增加了 31.44%、84.19%、48.51%、36.77%、27.86%，在 10 mg L−1
镉胁迫时达到最高值 123.67 mg·g-1DW，在 80 mg L−1 时，含量为 85.85 mg·g-1DW。 
镉处理下，桐花树叶片中单宁含量有变化，但差异不显著。桐花树根中单宁
含量在 5、10、20、40、80 mg L−1 镉处理下，分别增加了 21.00%、92.57%、69.37%、
52.28%、34.93%，在 10 mg L−1处理时，根中单宁含量达到最大值 46.23 mg·g-1DW。 
桐花树叶片中缩合单宁的含量在 5、10、20、40 mg L−1 镉处理时，分别增加
了 11.78%、23.52%、21.84%、11.17%，在 10 mg L−1 时达到最大值 58.7546.23 
mg·g-1DW，在 80 mg L−1 镉处理时减少了 0.52%，为 47.3246.23 mg·g-1DW。 
在 5、10、20、40、80 mg L−1 镉处理时，桐花树叶片中木质素的含量分别增
长了 21.68%、25.30%、29.17%、29.92%、39.86%，在 80 mg L−1 时达到最大值
15.44 mg·g-1DW。在 5、10、20、40、80 mg L−1 镉处理时，桐花树根中的木质素
含量分别增加了 5.98%、11.48%、26.21%、35.52%、55.21%，在 80 mg L−1 时达
到最高值 56.69 mg·g-1DW。说明镉胁迫下桐花树加速木质化进程。 










































This experiment is to explore the response of polyphenols in the Aegiceras 
corniculatum roots and leaves treated with different concentrations of cadmium(Cd 0、 
5、10、20、40、80 mg L−1; 40 days). Make tannins and related polyphenols as the 
experimental starting point, and the phenol metabolic pathway as the research chain. 
We want to explore the role of tannins and polyphenols in the resistance to heavy 
metals, and try to reveal the relationship between the mangrove plant secondary 
metabolites and their heavy metal resistance. Explore the specificity of mangroves in 
order to protect the mangrove plants and coastal wetland ecosystems. The 
experimental results are as follows: 
At 5、10、20、40、80 mg L−1 cadmium stress, the Cd concentration of Aegiceras 
corniculatum leaves were 2.4, 2.8, 3.5, 6.1, 8.2 times of the control group. The 
cadmium content in leaves reached the maximum 3.13 μg • g-1DW at 80 mg L−1 Cd 
treatment. While the maximum cadmium concentration in the roots was 4.80 mg 
g-1DW treated with 80 mg L−1 cadmium. The cadmium content in the root is much 
higher than in leaves. Cd treatment did not lead to a large number of malondialdehyde 
(MDA). Cadmium treatment did not lead to severe leaf and root cell membrane lipid 
peroxidation of Aegiceras corniculatum. Chlorophyll cadmium significantly reduced. 
When the plant was treated with 5 and 10 mg L−1 Cd, the soluble sugar content 
of Aegiceras corniculatum leaves increased.The higher concentration treatment (20、
40、80mg L−1)  made the increase slow down. In the 10mg L−1 cadmium treatment 
the soluble sugar content of Aegiceras corniculatum roots reached the highest value 
104.98 mg kg-1DW . 
The phenylalanine ammonia-lyase activity (PAL) of Aegiceras corniculatum 
leaves increased by 32 percent compared with the control, amount to 7848.38 (U g-1 
FW h-1). While in 10, 20, 40, 80 mg L−1 Cd treatment, it was reduced by 13%, 17%, 
19%, 20%, respectly. PAL activity in the roots increased by 68%, 45%, 40% and 27%, 
when treated with 5, 10, 20 and 40 mg L−1 Cd. The activity came up to 4017.43 (U g-1 
















6%, to 2258.91 (U g-1 FW h-1).  
When the plant were treated with Cd, the guaiacol peroxidase (GPX) activity of 
Aegiceras corniculatum roots was significantly higher than the enzyme activity in the 
leaves. Leaf GPX activity in the 5, 10 and 20 mg L−1 Cd treatment, enhanced by 
12.18%, 47.22% and 54.91%, respectively. The maximum value was 214.05 U g-1 FW 
min-1 which treated with 10 mg L−1 Cd. The activity decreased by 1.51% and 8.09% 
in the 40 and 80 mg L−1 Cd treatmenr. Roots GPX activity enhanced by 43.12%, 
94.88%, 119.94%, 66.93%, 12.23%, in 5, 10, 20, 40, 80 mg L−1 Cd, respectively. It 
reached to a maximum value of 3644.86 U g-1 FW min-1 in the 20 mg L−1 Cd 
treatment. 
In the Cd stress, the total phenol (TP) content of the Aegiceras corniculatum 
leaves did not change significantly (p> 0.05). Total phenol content in the root is less 
than the total phenol content in leaves, but change significantly (Figure 3.6). Root 
total phenols increased by 31.44%, 84.19%, 48.51%, 36.77%, 27.86%, when treated 
with 5, 10, 20, 40, 80 mg L−1 Cd, respectively, and reaching to a maximum value of 
123.67 mg g-1DW in the 10mg L−1 Cd treatment. With the increase of the 
concentration, the total phenolic content has slowed down, decreased to 85.85 mg 
g-1DW at 80mg L−1 .Under Cd treatment, the tannin content of the Aegiceras 
corniculatum leaves has changed, but the difference was not significant. When treated 
with 5,10,20,40 and 80 mg L−1 Cd, Tannin content in the roots increased by 21.00%, 
92.57%, 69.37%, 52.28% and 34.93%, respectively.  The maximum value was 46.23 
mg g-1DW in the 10mg L−1 Cd. Condensed tannin content in leaves increased by 
11.78%, 23.52%, 21.84% and 11.17%, respectively, when treated with 5, 10, 20 and 
40 mg L−1 Cd. It reached the maximum value of 58.75 mg g-1DW in 10 mg L−1 Cd 
treatment. 
The lignin content of Aegiceras corniculatum leaves increased by 21.68%, 
25.30%, 29.17%, 29.92%, 39.86%, when treated with 5, 10, 20, 40, 80 mg L−1 Cd, 
while the value amount to 15.44 mg g-1DW in the 80mg L−1 treatment. The roots 
lignin content were increased by 5.98%, 11.48%, 26.21%, 35.52%, 55.21%, when 
















maximum value of 56.69 mg g-1DW. Lignification process can clear the oxidative 
stress generated by hydrogen peroxide, and also may be help to bundle cadmium. 
The imposition of exogenous cadmium can cause significant increase in 
cadmium content in roots and leaves, and the increase of roots and leaves lignin 
content, prompting the cadmium accumulated in the Aegiceras corniculatum roots 
and leaves, and also accelerating the process of lignification. At the same time, the 
increase of exogenous cadmium significantly inhibited the chlorophyll and 
anthocyanin content. The peroxidase, phenolS, soluble sugar changes greatly under 
Cd stress,. the peroxidase in roots and leaves, phenol (total phenols, tannins and 
condensation of tannins), soluble sugar were significantly positively correlated, GPX 
would response to oxidative stress with phenol as a substrate. The effect of leaf 
condensed tannin, roots total phenols, roots tannin as well as roots and leaves GPX, 
resulted a decrease of malondialdehyde, that protect the severe cell membrane lipid 
peroxidation of cells, and also alleviated effects of Cd . 
 
Keywords: Aegiceras corniculatum; Cadmium; Phenols metabolism; Heavy 






































壤中的重金属 Pb、Cd 和 Hg 的浓度分别高达 250、500、和 100 mg L−1 时，未见
明显受害症状。1984 年，Thomas [9]发现在砂培条件下，红茄冬(R.macronda)和白
海榄(Avicenniaalba)雌幼苗能忍受 500 mg L−1 的 Pb 和 Zn。1989 年，陈荣华和林
鹏 [10]水培发现白骨壤 (Avicennia marina)、秋茄 (Kandelia obovata)和桐花树
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